INTRODUCTION

Reliability of electrical energy is expected in modern societies and economies. In a liberalised energy market outages of electrical utilities will annoy customers much more than previously. On the other hand power companies have to reduce costs to stay competitive. Beside reducing costs the quality of the product has to be maintained. One aspect of quality is the continuity of energy supply, which is characterized by the number and duration of unplanned and planned supply interruptions. According to the CEER (Council of European Energy Regulators) second benchmarking report on quality of electrical supply [1], two types of continuity indicators are used: 1) The SAIFI (System Average Interruption Frequency Index) indicates the number of times in a year energy is not delivered to a customer and 2) the SAIDI (System Average Interruption Duration Index) indicates the duration in a year energy is not supplied to a customer. A further indicator, called CAIDI (Customer Average Interruption Duration Index), represents the average time required to restore service to the average customer per sustained interruption. The reliability of the urban network of the "Elektrizitätswerk der Stadt Zürich" (ewz) is investigated. After comparisons of SAIDI on the country-and regional-level with CEER-report results, a spatial analysis of the network
. The study is restricted to the unplanned interruptions.
NETWORK AND OUTAGE DATA
The urban network of "ewz" covers an area of about 100 km 2 , consists of 4 HV-and 15 HV/MV-substations, 150 km of HV-cables and transmission lines. The MV-network is composed of 840 km MV-cables and 830 MV/LV-substations and the LV-network of 2000 km LV-cables and 1600 distribution cabins. Energy is delivered to about 250'000 customers. The whole network counted for 394 failures with an unplanned interruption in the delivery of energy of at least 1 sec during the five year period 1999-2003. For comparisons with more departed periods, a 15 year set of 989 cases is available. The data collection for each case includes: date, name of HV/MV-substation, location, voltage level and cause of interruption, number of interrupted customers, start time and duration of the outage as well as the amount of not delivered power. In the following, IEEE (Institute of Electrical and Electronic Engineers) [3] definitions are considered to determine SAIFI, SAIDI and CAIDI.
COMPARABILITY OF DATA
To get comparable indices, the collection of data has to be internationally harmonised. This is especially true for the duration of an interruption (definition of begin and end), the choise of the evaluated cases (e.g. minimum duration, handling of exceptions), the complete recording of events and a sound estimation of the number of customers (customers versus meters). The CEER report [1] shows that on the international level the data are often inhomogeneous. Therefore, the aim of the regulators is to homogenise the gathering and the evaluation of the reliability data. The same is true for the "Verband der Netzbetreiber" (VDN) in Germany, which recently developed rules to evaluate in a comparable manner reliability data from all German networks [4] . Sometimes inhomogenous gathering is not always a problem. An example is the minimum duration of an outage, e.g. IEEE [3] uses > 5 min for a sustained interruption, CEER [1] > 3 min, VDN [4] collects interruption > 1 sec but uses for evaluation > 3 min. Figure 1 shows several SAIDI, calculated according to a minimum duration of interruption (1 sec to > 120 min) for three voltage levels and data from "ewz". It appears that the total SAIDI (left columns in Figure 1 ) stays stable except for cases > 10-30 min. However for HV-cases, lower durations of less than 5 min are important. This also applies for SAIFI, which is the frequency of interruptions per customer and year. The "ewz" takes a minimum duration of 1 sec and the interruption ends at the moment when 100 % of the customers are again supplied with energy. The number of customers is actually the number of meters (VDN estimation: customers = meters x 0.9).
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COMPARISON WITH CEER-REPORT RESULTS
To set "ewz" in an international context some comparisons are made with data of the CEER-report [1] . First, SAIDI is compared for urban areas (Figure 2) , where "ewz" shows a low value of 2.5 min. A Swiss average would be probably higher, but so far data is not available on the country-level. A second comparison that uses only regions with > 10'000 kWh per customer and year is given in Figure 3 , since "ewz" has a per customer consumption of about 11'000 kWh (2001). The chosen regions are from the regional data set of the CEER benchmark. This subset involves two city areas (London Power Network and Oslo County) as well as rural networks with a high electrical energy consumption. In Figure  3 , "ewz" is situated at the low end of the regression line. A correlation of r = 0.985 is found between SAIFI and SAIDI. The CEER-database of one or three years is still too small. To evaluate the temporal resolution, different time windows are taken for the total "ewz"-network to show the effect on SAIDI. The 5-year variation (1999-2003) is displayed in Figure 4 . It varies between 1.6 and 3.6 min per customer and year. The SAIDI is also computed for a 15-(1989-2003) resp. a 10-year (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) period, namely as 4.4, resp. 3.7. If we consider earlier 5-year periods with the recent period then the averages are calculated as 5.8, 4.9, resp. 2.5. The decrease is more than half within 10 years. Reasons for the decrease might be improvements into the network, maintenance or fault management. 
SPATIAL ANALYSIS OF "EWZ" NETWORK
Reliability indices are usually compared between countries, regions or companies as an average value over the whole network. Sometimes, e.g. in [1] , a distinction is made between urban, semi-urban and rural areas. However, significant differences can be expected within a companie's network, since the dynamical processes of ageing, maintenance, improvements, renewal and expanding of the grid as well as changing network-design lead to unequal configurations in particular parts of the grid. In the following, as an example, the "ewz"-network is taken. The spatial differentiation is done according to the HV/MV-substation networks. The 15 regions are schematically displayed in Figure 5 , and are labelled with a three letter abbreviation of the substation's name. A scale is given on the lower left corner of the schematic map. The highest values are found at KTZ and HER (16.4 resp. 10.9 compared to the total city value of 2.5 min) and the lowest at ALN, SIF and ZGH. The variation between the years can be considerable, e.g. between 0.01 to 12.7 for HER or 1.9 to 48.9 min/customer and year for KTZ. Because of this variation, it is important to average over a longer period. The last stratification is shown in Figure 8 , according to the causes of interruptions, Three groups of causes, analogous to [1] , are considered: "Acts of God" (e.g. atmospheric hazards), "3 rd parties" (e.g. construction work) and "other causes" (e.g. component failures, network operation, human errors). At the periphery of the city we find some "Act of God" causes because of a severe winterstorm in 1999 or thunderstorms (e.g. ALT, HON, FRO, DRA, mainly due to overhead lines) or flooding (e.g. LEN). Most of the substation areas show a large percentage of SAIDI through "3 rd Parties" interruptions, mostly because of uncareful construction work. Some areas have a large percentag of "other causes", which could be influenced by the network company. This is true for the business district KTZ or the university area SEM. For the whole city the "other causes" dominate with 58.5 %.
C C I I R R E E D D
A further spatial breakdown of SAIDI is done for a sub-area, which is delivered by one busbar of a substation. As an example KTZ is chosen with three busbar operation. The computed values are 4.5, 29.2 and 37 min lost per customer and year. For comparison, the whole supply area showed a SAIDI of 16.4 min (Figure 6 ). SAIFI, the frequency of interruption per customer and year is given in Figure 9 . The variation of SAIFI is between 0.002 (SIF) and 0.28 (KTZ and FRO). This means that on the basis of five year's data a customer in the supply area of SIF will experience every 500 years an interruption, whereas a customer in KTZ will have this opportunity every 3.5 years.
For the whole city SAIFI shows an average value of 0.7 (period 14 years), ranging between 0.02 and 0.11. 
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CUSTOMER MIX AND INTERRUPTION COSTS
In calculating SAIDI, SAIFI and CAIDI all customers are treated in the same manner, i.e. they have the same weight, independent of the economic consequences of a lost customer minute for an individual customer. An industrial or commercial customer, in contrast to a private household, has some lost income during an outage. The reasons are e.g. loss of production, lost output in commerce and services, costs of unproductive labor, costs of restart etc. Cost functions, which depend on the duration and the not delivered power [5] , were used in an earlier study [2] to calculate the costs of an outage of a HV/MV-substation in the network of "ewz" for four customer categories, namely "residental", "industrial", "commercial" and "other". The latter includes public services, schools, universities, hospitals, cultural and sports infrastructure, etc.
To determine the percentage of the four categories an "ewz"-developed programm traces the network in case of failures. For each interrupted customer the class of business is obtained. 115 branches are available and are condensed into the four above mentioned main categories. Assuming a certain amount of power per customer and category (2001: residental 0.4 kW, industrial 13.1 kW, commercial 5.7 kW, other 6.5 kW) the percentage of power for each categorie and supply area can be computed. Large differences are found between the substations areas, e.g. for commercial customers the percentage varies between 20 (HON) and 70 % (KTZ). Using the cost functions [2] and knowing the categorie's power demand in the substation area, the costs for each categorie and the total costs for a particular outage can be estimated. Summerizing the costs over all outages, the total costs per category and supply area can be computed. As for the lost minutes (SAIDI), the costs are set per customer ( Table 1) . The average total costs per substation area is given in the last column. Table 1 reveals that the commercial customers suffer the highest costs in all supply areas but they vary considerable between 0.6 CHF (1 EUR = 1.5 CHF) in SIF and 264 CHF in HER. If we observe the five years average costs for all customers, than HER shows again the highest amount followed by KTZ. 
DISCUSSION AND CONCLUSIONS
A crucial point for calculating indices like SAIDI etc. is the collection of data, especially of the duration and the number of interruption affected customers. For comparisons of past periods with more recent periods the time-series should be homogeneous, which is not always the case, since data were rarely collected in a careful manner over a longer period. This is important for the future, especially in a liberalised market, where the quality of power and the degree of quality will be more and more discussed.
If we consider indices like SAIDI, SAIFI etc. one has to be aware that within an observed network the number and duration of interruptions can differ greatly. If smaller network units are considered, the company has the opportunity to focus on those parts of the grid which perform badly, to review the planned improvements or to change the configuration of the grid according to the obtained indices.
Beside SAIFI, SAIDI etc. a economic index or cost indicator would complete the set of indices. This indicator would consider the mix of customers and their particular economic interests. In a liberalised market this might become the most important value. It has the advantage to integrate the number of cases, the durations, the number of customers and their business weight and the not purchased power. Efforts to establish good estimations should be undertaken internationally, although some people warn of the difficulties involved.
The responsibility analysis show that a lot of interruptions occure because of failures on the companie's side. In a first step those failures have to be analysed and eliminated. If there are still large interruptions which show remarkable economic losses than network improvements have to be analysed in the particular supply area. In the case of "ewz", improvements in the networks of HER and KTZ have the most potential to reduce economic losses by the customers.
